MATERIAL AND METHOD

Basic materials
Study population. From May 2014 to October 2015, 398 checkup volunteers or suspected CAD patients who planned to undergo retrospective ECG-triggered coronary CTA examination were included into our study. Exclusion criteria ruled out patients with secondary hypertension, diabetes, chronic renal disease (estimated glomerular filtration rate < 60 ml/min/1.73m 2 ), renal artery stenosis, cardiac failure, valvular heart disease, congenital heart disease, severe arrhythmia, heart rate ≥100 beat/min, and history of severe noncardiovascular disease (thyroid disease, infection, or cancer etc.). To improve the accuracy of measurements, CT images with low image quality, step artifact, and breathing artifact were also excluded.
According to the statements of JNC7, 3 subjects in this study were assigned into normal blood pressure group (systolic pressure <120 mm Hg and diastolic pressure <80 mm Hg on the condition that no antihypertension drugs is used), prehypertension group (systolic pressure between 120 and 139 mm Hg and/or diastolic pressure between 80 and 89 mm Hg on the condition that no antihypertension drugs is used), and the primary hypertension group (systolic pressure ≥140 mm Hg and/or diastolic pressure ≥90 mm Hg or under treatment of antihypertension drugs). All subjects' basic information, blood pressure measurements, heart rate, blood test, and urine test were collected within 1 week before the coronary CTA examination. Smoking condition is also involved in this study. Patients were marked as "nonsmoking" or "smoking" according to the WHO's standard: "smoking" is referred to as 1 cigarette per day lasting for over 1 year or long-time smoking history before 6-month cessation. The content of this study is proved by the institution ethics committee of the first affiliated hospital of Dalian Medical University. All patients were informed with the details of this study and signed on a written consent.
Basic clinical materials.
Blood and morning urine test were performed on all patients with over 8-hour fasting. Blood-glucose, total cholesterol, triglyceride, low-density lipoprotein, high-density lipoprotein, uric acid, creatinine were measured. Body weight and height were also recorded to calculate the body mass index (BMI); estimated glomerular filtration rate were given by virtue of the MDRD formula which was specially modified for Chinese. 18 
CT imaging technique and quantitative analysis
Coronary CTA examination was performed using a 128 slicer CT scanner (SOMATOM Definition Flash, Siemens Healthcare, Forchheim, Germany). The scanning range started from the carina of trachea to the diaphragmatic level of the heart. Iodinated contrast media (Ultravist 300 mgI/ ml) was injected from the antecubital vein using a doublesyringe power injector (Germany Ulrich). Multiphase injection protocol was applied with first 45-55 ml contrast media injected with 5.0-5.5 ml/s flow rate followed by 25-35 ml contrast media inject with 3.5-4.0 ml/s flow rate. Thirty milliliter saline with 3.5-4.0 ml/s flow rate was finally injected afterward to push the contrast media bolus. Data acquisition was initiated when the monitored CT value inside ascending aorta rise up to 100 HU. Retrospective ECG-triggered scanning mode was selected and the tube voltage and current was automatically modulated based on the habitus of the patient. Collimation of 2 * 64 * 0.6 mm was used and the rotation speed for the gantry was set to 0.28 s/r. Images were reconstructed using B26f kernel with 0.75 mm slicer thickness and 0.5 mm increment. All participates' brachial blood pressure including systolic pressure (Ps), diastolic pressure (Pd), and pulse difference (dp) were recorded before and after the CT examination.
Images at every 5% absolute phases during the entire R-R interval (from 5% to 100%) were reconstructed. For every subject, 20 different phases time-resolved image series during cardiac cycle can be obtained, and all image series were send to an external workstation (Multi-Modality Workplace, Siemens) for further analysis. According to Li's study, 15 the plane of the beginning of left coronary artery was chosen as the reference plane and aortic region of interest was defined in the plane 25 mm above it. Aortic outline was automatically drawn perpendicular to the trace of vessel (by including pixels with CT value >200 HU, manual adjustment is needed if necessary). Finally, the areas and diameter of reference plane and aortic region of interest among 20 different phases were recorded and the maximum cross-section area (Ss) and diameter (Ds), minimum cross-section area (Sd) and diameter (Dd) were calculated. Diameters were manually measured by averaging the cross-sectional diameter at 4 equally separated angles as indicated by Figure 1 . This work was performed by an experienced viewer who was blinded to the patient information and the clinical test results. Measurement was required to repeat if the difference between 2 former measured values was larger than 5%.
Three indices were used to assess the functionality of aortic elasticity: aortic distensibility (AD), aortic compliance (AC), and aortic stiffness (ASI) based on the following definitions 15, 17 
Statistical analysis
Statistical analysis was performed using SPSS version No 19.0. The quantitative data were expressed using mean ± SD while the qualitative data were expressed using relative frequency or ratio. Student's t-test was utilized to analyze the mean value differences between 2 independent variables. Multigroup comparison was analyzed using 1-way analysis of variance or Wilcoxon signed rank test depending on the normality of the variable. Covariance analysis is used to study the heart rate corrected AD and AC value in different blood pressure levels. Multigroup pair-wise comparison was performed using the LSD or the Dunnett's test depending on the equality of the variables. Qualitative data were statistically analyzed with the chi-square test. Pearson or spearman correlation was used to study the relationship between variables; while the independent risk factor for AD was determined using multivariate stepwise linear regression analysis. Two-sides P value less than 0.05 was considered to indicate statistical significance.
RESULT
Clinical test results for normal blood pressure, prehypertension and primary hypertension groups were listed in Table 1 . Except for Ps (P < 0.01), Pd (P < 0.01), dp (P < 0.01), BMI (P < 0.01), mean arterial pressure (P < 0.01), and uric acid (P < 0.05), other indices showed no significant difference among comparison groups. Pair-wise study further indicated that Ps, Pd, dp, and mean arterial pressure in prehypertension group were significantly higher than those of normal group, and difference were found for Ps, Pd, dp, mean arterial pressure, BMI, uric acid, creatinine, estimated glomerular filtration rate, and fasting blood-glucose between prehypertension and primary hypertension groups.
Ascending aortic elasticity and morphology studies for normal, prehypertension, and hypertension groups were indicated in Table 2 . Sd was found significant lower in prehypertension group than that of primary hypertension group Figure 1 . Measurements of cross-sectional area and corresponding diameter. The outline of aorta was semi-automatically determined along the provided vessel centerline at the level of 25 mm above the beginning of left coronary artery (a). Cross-sectional area (b) was automatically calculated and the corresponding diameter (c) was averaged by 4 measurements with equivalent separation angles. Abbreviations: BMI, body mass index; eGFR, estimated glomerular filtration rate; FBG, fasting blood-glucose; HDL, high-density lipoprotein; LDL, low-density lipoprotein; MAP, mean arterial pressure. † P < 0.05 vs. normal blood pressure group; ‡ P < 0.01 vs. normal blood pressure group; *P < 0.05 vs. prehypertension group; **P < 0.01 vs. prehypertension group.
(P < 0.01), but no difference were seen for Dd. Also, no significant difference was found for Sd and Dd between prehypertension group and normal group. AD, AC, and ASI were not in the same level among comparison groups (P < 0.01). Pair-wise study indicated that AD and AC were found much smaller in prehypertension group compared with normal group (P < 0.01), while ASI was not significantly different between 2 groups. Between prehypertension and primary hypertension groups, significant differences (P < 0.01) were found in AD and ASI, and AC was found to a lesser extent in primary hypertension group compared with prehypertension group (P < 0.05).
Determination on the potential risk factors for ascending aortic elasticity (represented using AD) were also analyzed in this study on the following qualitative factors (gender, smoking condition, cholesterol) and the following quantitative factors (age, BMI, Ps, Pd, dp, mean arterial pressure, heart rate, creatinine, estimated glomerular filtration rate, uric acid, fasting blood-glucose, and glycosylated hemoglobin). As shown by the results, no significant differences were found between males and females or different cholesterol conditions, but AD was found declined in the smoking populations. Linear correlation coefficient between age/Ps/ dp/glycosylated hemoglobin and AD were −0.69 (P < 0.01), −0.37 (P < 0.01), −0.43 (P < 0.01), and −0.43 (P < 0.05), respectively. Taking AD as the dependent variable, multivariate regression analysis on its significant influential factors indicated that, age and Ps can be taken as the independent risk factors for the decline of AD (Table 3) .
DISCUSSION
As shown by the results, ascending aortic elasticity in prehypertension populations was declined comparing with that in the normal blood pressure populations and this change occurred earlier to the changes in its morphology. Among all the 3 aortic elasticity indices, AD was more sensitive than AC and ASI, and age and Ps can be taken as independent risk factors to predict the variance of AD.
At present, ultrasound, MR, and multislice CT are the primary noninvasive method to measure the ascending aortic elasticity. In this study, the second generation of 128-slice dual source CT were applied, which was equipped with dual X-ray tube and dual X-ray detection system. Temporal resolution was raised up to 75 ms which means heart rate is no longer a main concern in the process of coronary CTA examinations. The avoidance of heart rate control medicine also eliminate influence of the measurement of vascular elasticity. Also because of the benefit from temporal resolution, although 4D real-time visualization of ascending aorta is impossible by far, we can still use images from different phases to subjectively assess the ascending aorta at any slice with high accuracy. By contrast, though high-resolution ultrasound probe can also indicate arterial elasticity directly, it works on primarily on superficial arteries; while for large arteries, its reproducibility and accuracy is influenced by surrounding anatomies, motion artifact, operation proficiency. Phase-contrast magnetic resonance imaging is also another promising and intensively debated technique to measure aortic elasticity; however, now its application prospective is affected by its high-cost and MRI-related contraindication.
Blood pressure and aortic elasticity are 2 interactional factors: the increasement on blood pressure may induce a serial of functionality and structure adaptive changes characterized by elasticity decline, arterial wall thickening and lumen expansion. 20 Our study indicated that ascending aortic elasticity was significantly degraded in the prehypertension populations manifested by obvious decreasing of AD AD and AC value are corrected after taking the heart rate into account. Abbreviations: AC, aortic compliance; AD, aortic distensibility; ASI, aortic stiffness index; Normalized Dd, normalized diastolic min. diameter; Normalized Sd, normalized systolic min. area. ‡ P < 0.01 vs. normal blood pressure group; *P < 0.05 vs. prehypertension group; **P < 0.01 vs. prehypertension group. and AC compared to normal blood pressure populations. A main functionality of ascending aorta is to buffer the blood injected directly from the heart and provide a steady blood perfusion for the periphery organs. Decline of vascular elasticity can influence on the buffering functionality of the ascending aorta, increasing the contraction load of myocardia, eventually forming the pathological changes of blood pressure. This is in accordance with the latest research result which pointed that the loss of elasticity existed earlier to the forming of hypertension which means that the decline of elasticity is an important influential factor to the cause of hypertension. 10, 11 Furthermore, the increase of blood pressure can work back to increase the blood flow and the stress on blood vessel wall which would further induce the decreasing of the elasticity. Our study indicated that, vascular elasticity was found lower in primary hypertension patients than that in prehypertension patients manifested by decreasing of AD value and the increasement of ASI, but Dd did not show any difference when comparing prehypertension with normal group or primary hypertension group. This reveals that elasticity damage may occur earlier to the damage on morphology. In the other way around, for prehypertension patients, it is believed that elasticity abnormalities even if without significant changes on vascular dimensions can also prompt on the initiation of damage for ascending aorta. This result is associated with Gurunathrao et al. 8 and Gedikli et al.'s 9 previous study on pulse wave velocity changes for prehypertension populations. Besides, decline of arterial elasticity is also the reason of all-cause mortality and the independent predict factor for CAD events. [21] [22] [23] Therefore, it is of significant value to detect the changes of ascending aortic elasticity earlier especially for prehypertension patients.
A worthwhile debating problem now is how to perform early intervention on the prehypertension populations and hence to reduce the rate of cardiovascular events. Previous thoughts believe that antihypertensive therapy for prehypertension patient without CAD or diabetes are meaningless in preventing CAD other than just slowing the process of hypertension. 24 Therefore, nonmedicine treatment was still with priority for prehypertension patients as recommended by the hypertension treatment guidelines; however, its effectiveness is also limited. Therefore, we propose the suggestion to focus on prehypertension patients with aortic elasticity changes and perform intensive interventions on them in the future studies.
Another worth mention point for this study is, although AD, AC, and ASI are all of significant different among 3 comparison groups, their sensitivities to the decline of aortic elasticity as blood pressure increased were not equivalent. Comparing with AC and ASI, AD was most sensitive to the changes on aortic elasticity. Pair-wise study indicated that between prehypertension and normal groups, AD and AC were found smaller in prehypertension group but no difference was found for ASI; while between prehypertension and primary hypertension groups, ASI was found significantly different. Therefore, we make the suspicion that AD and AC were more susceptible to the decline of aortic elasticity even at the beginning of the variance; however, ASI would response to aortic elasticity when it declined to a certain extent. This suspicion also get the back of Liang et al.'s study 17 in which they concluded that in middle-aged group AD and AC were more significant than ASI in evaluating the ascending aortic elasticity decline as age grows; but in elderly group, ASI becomes much more sensitive than AD and AC. Meanwhile, compared with the prehypertension group, we also noticed that the value of AD in primary hypertension group decreased much more dramatically than AC's. According to the calculation formula, AC index removed the direct influence come from pulse pressure, but the influence of lumen morphological changes on aortic elasticity was not comprehensively taken into its consideration. For instance, cross-sectional area changes on small and large vessel may be similar under the same pulse pressure changes (so to say same AC value), but definitely the vessel of the small size get a higher elasticity. Thus, compared to other indices, AD was most sensitive to the aortic elasticity change which is also consentient with the conclusion given by Li et al.'s study. 15 This also explained why most recent study takes AD as the aortic elasticity indicator and studied on its clinical relevant values. 12, 14, 25, 26 In our study, we likewise studies on the correlation between AD and patient information or clinical test results.
In all the risk factors, age was playing an important role for the decline of aortic elasticity. This thought is clearly verified in our study and besides that, we also indicated that systolic pressure is another independent risk factor in the decline of aortic elasticity. This result is correspondence with a recently published study by Gurunathrao et al. 8 in which they manifested that systolic pressure is an independent risk factor to the aggravate of arterial stiffness in prehypertension patients. Cusheman et al.'s study 27 concluded that even without any sign of increasement on diastolic pressure, the occurrence of CAD would also significantly increased if only systolic pressure get a middle or mild increasement. Therefore, it would be more meaningful to focus on the systolic pressure changes other than the diastolic pressure changes on prehypertension patients. Besides that, as proofed in our study, smoking condition is another important risk factor which could lead to the decline of ascending aortic elasticity. 28 AD value was found lower in smoking group than that in nonsmoking group in prehypertension patients. A lot of researches indicate that prehypertension patient has much more likelihoods to suffer from obesity, blood-glucose, and blood fat problems, which would in turn effect on the functionality of cardio and cerebral vascular systems. 29 Our study intended to exclude diabetes patients to avoid disturbing from these factors, but inevitable BMI, blood fat, and fasting blood-glucose were also found higher in the prehypertension group compared with normal blood pressure group. A recent study by Brunner et al. 30 showed that obesity would be a potential and important risk factor for vascular aging. Therefore, it is necessary to pay more attentions to these patients and improve their vascular functionality.
There are also some limitations for this study. First of all, as a cross-sectional study; we did not evaluate the causality or mechanism between aortic elasticity and its risk factors. Secondly, as far as we known there is no way to get the real, therefore here we utilize the branchial artery pressure to substitute the pressure of the central arteries, which will certainly bring in some error. Third, it is also meaningful to compare the competence between elasticity indices derived from coronary CTA and the conventional index derived from ba pulse wave velocity. However, since the missing of data, related results are missed in this study.
In summary, this study tested the potential of ascending aortic elasticity indices derived from retrospective ECG-triggered coronary CTA images for prehypertension patients, with no additional contrast media consumption and radiation dose. It is verified that early detection and monitoring on ascending aortic elasticity indices especially AD and its risk factors are essential for identifying high risky individuals in the prehypertension populations. However, to do coronary CTA examination sorely for the ascending elasticity measurement purpose is not recommended.
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